Abstract-We propose a systematic process for designing a MIMO system with an arbitrary number of transmitting and receiving antennas, and evaluate (through simulation) the performance improvements that can be attained by employing our design. We present a general formula that can be readily used to determine the rate (i.e., the ratio of the number of symbols transmitted over the number of symbol intervals required) of systems that employ our design.
I. INTRODUCTION
In a Multiple-Input, Multiple-Output (MIMO) scheme, the sender and receiver each use multiple antennas, thus making available multiple communication channels. By transmitting a block of carefully encoded data on each of the different channels a procedure known as Space Time Block Coding (STBC) the bit error rate (BER) performance at the receiver can be improved.
The Alamouti transmit diversity scheme [1] laid the foundation for the orthogonal design of MIMO systems (Fig  1) . The symbols, x1 and x2, are transmitted during two time intervals as shown in the figure (* indicates complex conjugation). The receiver computes estimates of x1 and x2, denoted x and x2, by processing the two received signals y1 and Y2 as follows: x1 =1h<Y1±+h2y2 = (|h,|2+±h2)x1± )Xn±+h2n* attained by employing our design. We present a general formula that can be readily used to determine the rate (i.e., the ratio of the number of symbols transmitted over the number of symbol intervals required) of systems that employ our design.
-x2 x1 Using matrix notation, the relationship between input-tooutput symbols is
where H is the channel matrix: l12 + h2 2)x2+hn1 -1n2
where n1 and n2 represent additive noise and and h2 represent the channel gain. The estimated j and x2are proportional to x1 and x2, and any phase variations that might occur in the channel have no effect on the estimated signals. Fading in either channel will affect the two estimates in the same way, and the probability that both independent channels will fade simultaneously is lower than that of only a single channel. Thus, the scheme combats phase and magnitude changes that occur, and thus provides a means for reducing the bit error rate.
In this paper, we propose a systematic process for designing a MIMO system with an arbitrary number of transmitting and receiving antennas, and evaluate (through simulation) the performance improvements that can be A matrix such as H is said to have an orthogonal design.
We can see that
where HH is the Hermetian (i.e., the complex-conjugated transpose) of H. A simple way to determine if a matrix has an orthogonal design is to check if each column is orthogonal with the complex-conjugate of all other columns. The two-bytwo channel matrix H can be interpreted as two time intervals Step 3: By writing the matrix as a system of linear equations, it can readily be seen which symbols should be transmitted during any specific symbol interval.
Step Now, we add a third row to make the first and third columns orthogonal, and so on. Then, we turn our attention to the second column, and perform the same procedure. When complete, the matrix is of the form Step 2: The input-output relationship using the designed H matrix is thus given by y= Hx+n or where the noise terms are obtained from 7 = HHn .
Step This t x 1 scheme can be extended to any t x r scheme (where r is the number of receiving antennas), assuming there is no correlation between the antennas on both the transmitting and receiving sides.
+17 III. SIMULATION RESULTS
The performance of MIMO system in a Rayleigh fading channel is shown for various conditions in Figure 2 , 3 and 4. A single carrier frequency scheme employing QPSK modulation is used for transmission. Each antenna transmits the same amount of power. The bit streams are generated randomly and mapped to QPSK symbols, which are then rearranged into STBC blocks for transmission over the Rayleigh fading channel.
From Figs 2 to 4, Table 1 summarizes the energy per bit to noise power spectral density ratio required for each of the schemes to achieve a BER performance of I o6. 
IV. CONCLUSIONS
We have proposed a systematic process for designing a MIMO system with an arbitrary number of transmitting and receiving antennas, and have evaluated (through simulation) the performance improvements that can be attained by employing our design. We presented a general formula that can be readily used to determine the rate (i.e., the ratio of the number of symbols transmitted over the number of symbol intervals required) of systems that employ our design. 1299 10o6 10
